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Burden of End-Stage Kidney Disease

Adjusted ESKD Prevalence by Race

e Vhite e Black/African American American Indian or Alaska Native e Asian

7000

26000“

o

@ 5000

Q. —

c

2 4000

= —

x 3000~

Q

8 2000

3

o

1000

T T 1
o - N ™ w N~ O (o] o - o~ (3p) < wn w0 ™~ o
o o o o o o o o o o o o o o o o o o o
o o o™ o o N o o~ o™ oN o o™ o o o N o™ o o
Year



Kidney disease in male Black Americans
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ESRD, end-stage renal disease
United States Renal Data System (USRDS). https://adr.usrds.org/2020/end-stage-renal-disease/1-incidence-prevalence-patient-characteristics-and-treatment-modalities. Last accessed April 2022
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Discovery of the chromosome 22 locus and APOL1 risk variants
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FSGS, focal segmental glomerulosclerosis; H-ESRD, hypertension-attributed end-stage renal disease
Kopp JB, et al. Nat Genet. 2008;40(10):1175—-84; Genovese G, et al. Science. 2010;329(5993):841-5
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Is hypertension a cause or a consequence of ‘hypertensive’
kidney disease?

APOL1 Risk According to Randomized Blood-Pressure Goal
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AASK, African American Study of Kidney Disease and Hypertension; FSGS, focal segmental glomerulosclerosis; HIV, human immunodeficiency virus
Parsa A, et al. NEJM. 2013;369(23):2183-96



Renal function decline is more rapid in patients with the APOL1
high-risk genotype versus those with low-risk genotype

=0 APOL1 risk variants
=1 APOL1 risk variant
=2 APOL1 risk variants

~N
(O, ]
1

Patients free from primary
outcome? (%)
N Ul
(6] o

O 1 1 1 1 1
0 2 4 6 8 10
No. at risk Year
0 APOL1 variants 234 225 208 177 146 80
1 APOL1 variant 299 283 254 223 179 111
2 APOL1 variants 160 151 114 85 61 30

Parsa A, et al. N Engl J Med. 2013;369:2183-2196.



APOL1 Variations in Patients with Steroid-Resistant Nephrotic

Syndrome (SRNS) and/or FSGS

French multicenter cohort of patients with West Indies, French Guyana, or African ancestry

152 patients

* Mean onset of SRNS or FSGS was 17.1 years
* 41 familial cases (26.8%) in 28 families

66 (43.1%) patients with
APOL1 high-risk genotype

* 60% (45/75) of patients from

the French West Indies

* 27.3% (21/77) of patients
originating from Africa

* 41.5% of patients had
familial nephropathy

Sanger (APOL1) + NGS
targeted gene panel
covering 35 SRNS genes

SRNS mutations:
* 1 patient with APOL1
high-risk genotype

(congenital NS)
* 16 patients with

APOL1 low-risk

genotype

Gribouval O, et al. Nephrol Dial Transplant. 2019;34:1885-1893.
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In African American pts with FSGS, steroid sensitivity is similarly
low in those with APOL1 high-risk or low-risk genotypes
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NIH FSGS Genetic Study in the USA

aSteroid sensitivity was defined as complete or partial remission in subjects who had received at least 8 week of daily or alternate-day steroid therapy.
APOL1, apolipoprotein L1; FSGS, focal segmental glomerulosclerosis; NIH, National Institutes of Health
Kopp JB, et al. J Am Soc Nephrol. 2011;22:2129-2137.



APOL1 risk variants are associated with a decreased
kidney disease remission: exploratory analysis from
the NEPTUNE study

90 subjects with self-reported Black
ancestry

and proteinuria 20.5 g/d

FSGS, MCD, and MN

enrolled at first biopsy for primary
nephrotic syndrome

-
. APOL1 high-risk genotype was
significantly associated with
~70% reduction in the probability of
complete remission at any time,
independent of histologic diagnosis
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NEPTUNE study is a prospective, observational study that enrolls children and adults with FSGS, MCD, and MN; the primary outcome was a
composite measure of change in urinary protein excretion and change in renal function.

Sampson MG, et al. J Am Soc Nephrol. 2016;27:814-823; NEPTUNE. https://repository.niddk.nih.gov/studies/neptune/. Accessed April 2022.
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TWO APOL1 risk variants are associated with reduced
kidney survival in patients with FSGS
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No. at risk Years of follow-up
0/1 variant 34 24 12 4
2 variants 58 19 11 1

Kidney survival in 92 African American patients with primary FSGS
NIH FSGS Genetic Study

Kopp JB, et al. / Am Soc Nephrol. 2011;22:2129-2137.



APOL1 Mediated Kidney Disease (AMKD):
one gene, many diseases

Large effect
APOL1 Nephropathy Spectrum
Little or
no effect
Observed In No i No Ir
HR Genotype OR-89 OR-29 OR-17 OR-~-7-11 OR-5 OR-~34 OR-3 OR-253 OR-2 OR~15 \observed observed
® ° ° ] L ] T ]
]
Inteferon-associated Lupus with
FSGS FSGS Non-diabetic kidney falture IgA nephropathy
CKD
: Non-diabetic DKD inci 4
HIVAN in U.S, H-ESRD CKD progression
3 » Transplant Non-diabetic CKD,
HIVAN in Africa orat val older individuals
Lupus with

collapsing features

Friedman DJ and Pollak MR. CJASN. 2021;16(2):294-303



Same variants, different phenotypes

Hypertensive kidney disease
7-10-fold increased risk

/ (vascular)

FSGS
APOL]. —} ~15-20-fold increased risk

(primary glomerular)

HIV nephropathy

30-90-fold increased risk
(infectious)

FSGS, focal segmental glomerulosclerosis; HIV, human immunodeficiency virus




APOL1 basics

=
APOLT lAPOLS Human Chr, 22, 616 kb APOLS APOLG
APOLZ
* Circulates on HDL3
G1 G2 e E d . ti
Ap0L1 » - Xpressed in many tissues,
BH3 domain ' ' ' especially blood vessels
A\
, :
it S ’ . .
l | ‘ l l l ot * Inthe kidney, protein
Signal Pore-forming domain Membrane-addressing SRA-binding domain . . .
Peptide domain (includes coiled coil) found prlmarlly In
(some APOL1 isoforms) podocytes and the
microvasculature

BCL-2, B-cell lymphoma 2; BH3, bcl-2 Homology 3; Chr, chromosome; HDL3, high-density lipoprotein 3; SRA, serum resistance antigen
Smith EE and Malik HS. Genome Res. 2009;19(5):850-8; Friedman DJ and Pollak MR. Annu Rev Physiol. 2020;82:323-42



High Risk ApolL1 genotypes

APOL1 (22q12.3)
|

Chromosome 22 (=0l S N B 1)
l
APOL]1 protein

BH3 domain *
N | (W«
Signal — Pore-forming domain -/ Membrane- :SRA-binding:
peptide addressing domain | domain
o Protein sequence e s

Ancestral —
sequence G0 APVSFFLVLDVVYLVYESKHLHEGAKSETAEELKKVAQELEEKLNILNNNYKILQADQEL

Variants|:G APVGFFLVLDVVYLVYESKHLHEGAKSETAEELKKVAQELEEKLNMLNNNYKILQADQEL

G2: APV§FFLVLDVVYLVYESKHLHEGAKSETAEELKKVAQELEEKLN:I[LNNC_:IKILQADQEL
384  388-389

ST— 342

Allele combinations
High-risk: G1/G1, G2/G2, G1/G2 I Baseline risk: G0/GO, GO/G1, GO/G2

\

Williams WW, IngelfingerJ, N engl j med 388;11 nejm.org March 16, 2023



APOL1 HR frequency

50-60% of African Americans have at least one copy
of G1 and/or G2

Recessive mode of inheritance

12-15% of African Americans (4—5 million individuals)
are high-risk homozygotes (HR)

Variants nearly absent in European Americans

Unusually large effect size for common variants




NEN study : intermediate analysis:
Prevalence of HR genotype in FSGS and NDKD

MANY PARTICIPANTS HAVE TWO APOL1 VARIANTS

Table 2.Percent of Participants with 2, 1, or 0 APOL1 Variantis

Number of APOL1 variants, n (%)

( 2 APOL1 variants®

1 APOL1 variant®
0 APOL1 variants®

FSGS Proteinuric NDKD Total
N =511 N =13956 N = 1906
215 (42.1) 289 (20.7) 504 (26.4) )
107 (20.9) 419 (30.0) 526 (27.6)
189 (37.0) 687 (49.2) 876 (46.0)

Table 3.Summary of APOLT Genotypes

FSGS Proteinuric NDKD Total

e N =511 N = 1395 N = 1906
2 APOL1 variants
G1/G1 107 (20.9) 139 (10.0) 246 (12.9)
86 (16.8) 122 (8.7) 208 (10.9)
22 (4.3) 28 (2.0) 50 (2.6)

G1/G2
G2/G2

Kate Bramham et al, ASN Kidney Week, Philadelphia, PA, USA, November 1-5, 2023



Table 5.Summary of Participants with Two APOLT Variants by Country or Region

G1/G1, G1/G2, or G2/G2 APOL1 FSGS Proteinuric NDKD Total
. N = 511 N = 1395 N = 19086
genotype by region or country n/N’ (%) n/N’ (%) a/N’ (%)
North America
| United States 127/292 (43.5) 226/1052 (21.5) 353/1344 (26.3) J
Europe | 73/143 (561.0) 58/190 (30.5) 131/333 (39.3)
United Kingdom 49/79 (62.0) 44117 (37.6) 93/196 (47.4)
France | 23/30 (76.7) 4/28 (14.3) 27/58 (46.6)
Spain 0/22 1/27 (3.7) 1/49 (2.0)
Portugal 111 (9.7) 4/11 (36.4) /22 (22.7)
Metherlands 01 2/4 (50.0) 2/5 (40.0)
Belgium 0 3/3 (100.0) 3/3 (100.0)
South America 15/76 (19.7) 5/153 (3.3) 20/229 (8.7)
Brazil 11/62 (17.7) 3M27 (2.4) 14/189 (7.4)
Colombia 4/14 (28.6) 2/26 (7.7) 6/40 (15.0)

Kate Bramham et al, ASN Kidney Week, Philadelphia, PA, USA, November 1-5, 2023



-13% of Black Americans carry two high-risk alleles
- In certain West African populations, the rate of HR genotypes

may be as high as 20-25%

-15% of HR APOL1 genotype will develop ESKD

-5%-8%, will develop FSGS



-13% of Black Americans carry two high-risk alleles
- In certain West African populations, the rate of HR genotypes

may be as high as 20-25%

-15% of HR APOL1 genotype will develop ESKD

-5%-8%, will develop FSGS

Are there genetic modifiers

Inluencing the appearance of kidney diseases

In HR Apoll inividuals?




genetics of kidney disease

Variant upon variant: kidney-disease
risk associated with APOL1 G2 genetic variants is
abrogated by the APOL1 p.N264K variant

Sethu M. Madhavan' and Johannes Schléndorff’

-Million Veteran Program (121,492 participants of African ancestry )
-Vanderbilt University Medical.-Center Biobank (BioVU),
-National Institutes of Health All of Us Research Program cohorts (Hung et al. ; top box),

(FSGS) case— control cohort and CKD case—control cohort derived from

REGARDS (REasons for Geographic and Racial Differences in Stroke)
and eMERGE-III (Electronic Medical Records and Genomics Phase Ill)

Hung, J Am Soc Nephrol. 2023;34:1889-1899; Guptta, Nat Commun. 2023;14:7836.



The APOL1 p.N264K variant in the background of the G2 risk allele reduces

the risk of FSGS, CKD and ESKD in individuals w/ APOL1 HR genotypes
G1/G2 or G2/G2.

a APOL1 HR b HR + p.N264K
o —
- p.N264K
GO0/GO G1/G1 G1/G1
GO/G1 G1/G2  G1/G2 gygg
G0/G2 G2/G2 G2/G2
o —
0°
TR | AR ) LR D g
ras {
Low cytotoxicity Increased cytotoxicity Decreased cytotoxicity
Normal ion flux Increased ion flux Low/absent ion flux
Increased risk of renal disease Decreased risk of renal disease
Hung et al. (MVP) Hung et al. (MVP + BioVU + All of Us)
APOL1 HR vs. LR, no p.N264K HR + p.N264K vs. HR, no p.N246K
CKD OR: 1.7 (Cl 1.60-1.85, P < 0.001) CKD OR: 0.43 (Cl 0.30-0.61, P < 0.001)
ESKD OR: 3.9 (Cl 3.52-4.41, P < 0.001) ESKD OR: 0.19 (Cl 0.08-0.43, P < 0.001)
Gupta et al. W
HR + p.N264K vs. HR, no p.N246K

FSGS OR: 0.07 (Cl 0.008-0.25, P = 3.4 x 10°)
CKD 3+ OR: 0.29 (C1 0.10-0.79, P = 0.016)

print & web 4C/FPO




CLINICAL RESEARCH ~ www jwes.org

Genetic Inhibition of APOL1 Pore-Forming Function
Prevents APOL1-Mediated Kidney Disease

Adriana M. Hung 0,7 Victoria A Assimon,” Hua-Ching Chen 0, Zniang Yu, '
Catlyn Viasschoert,” Jefferson L Triczzi @, Helen Chan,” Lee Wheless @.* Otis Wilson, '
Shadja C Shah@,” Taralyen Mack 0, '* Teaver Thempsen @,” Michaal €, Mathary o, *°
Saranys Chandrasekar " Sahar V. Mozafiari 0, Ceclia P. Chung,™ Phiip Trso &,
Katalin Susztak 0,"? Edward D. Sew 0,'? Karol Estrada,” J. Michaet Gazlano,'* ™

Robert R Geshom 2, Ran Too 1, M Hoek @)," Cassi Robinson-Cohen,”

Eric M. Greena),” and Alexander G. Bick @ ,"'* for the Milllon Veteran Program*

APOL1 variants G1/ G2
are toxic when overexpressed

in human immortalized podocytes
But much less N246K

G2 APOL1-mediated calcium
transit is blocked by the N246K
mutation in HEK cells.
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Genetic Inhibition of APOL1 Pore-Forming Function
Prevents APOL1-Mediated Kidney Disease
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This human genetic observation supports that pharmacologic inhibitors that
mimics this genetic mutation by blocking the APOL1 pore formation and ion

channel conduction may be able to prevent and/or treat APOL1-associated
kidney disease.

log[Calcium] M




5 questions about APOL1 origins and basic biology

Why are the APOL1 variants restricted to people of recent African
Ancestry?

Why are these highly deleterious variants so common?
Are APOL1 risk variants loss- or gain-of-function?

Why do some people with the high-risk genotype get kidney disease
while others do not?

How do APOLL1 risk variants injure kidney cells?




Why are these highly deleterious variants so common?

Trypanosoma brucei.
Non-pathogenic in humans
due to APOL1

G1 / \GZ

Trypanosoma brucei gambiense, Trypanosoma brucei rhodesiense.
Chronic African sleeping sickness in West Africa  Acute African sleeping sickness in East Africa

APOL1 risk variants protect against African trypanosomiasis

Friedman DJ and Pollak MR. Annu Rev Physiol. 2020;82:323-42



Why are these highly deleterious variants so common?
APOL1 risk variants protect against African trypanosomiasis

APOL1 Trypanolysis

Friedman DJ and Pollak MR. Annu Rev Physiol. 2020;82:323-42



Higher prevalence of G1 or G2 alleles
in western sub-Saharan Africa

|
APOL1 G1 and G2 variants probably originated 3000to |
10,000 years ago in humans and were brought to the i
Americas during the period of the slave trade out of

, 1 Africa (purple arrows). They arose to high frequency ’f’/ T~ % = ‘,\ -
= through the effects of positive selection. Thesevariants i "\ "0 o N NG
i N conferred resistance to trypanosome subspecies thathad | ¢ ' ‘ %
“ . evolved to evade the APOL 1 ancestral (G0) sequence. S LY
rt - 8 N
é’ *\;3 ~—r v R )é‘.'_'l S s m ‘ N
"7_‘13% g sinénu,s_ = > iy 1l ~ Early hum?_n fr:;ngrahon < , L S
(who have recent African ancestry)-+ . f .out ot Asrica

have two risk variants ofM

< (20,000 to 100,000 years ago)
j : L e 259

7

o b N

X
\
\

/
Slave trade out of Africa Areas of historic endemicity of trypanosomes,
/ (16th to 15th centuries) a selective pressure on APOLI variation
> . Trypanosoma brucei gambiense
" Trypanosoma brucei rhodesiense

Figure 2. Global Migration and Prevalence of APOL] G1 and G2 Variants.

Williams WW, IngelfingerJ, N engl j med 388;11 nejm.org March 16, 2023



Are APOL1 risk variants loss- or gain-of-function?

¢ NEW ENGLAND JOURNAL ¢f MEDICINE

I BRIEF REPORT

Human Trypanosoma evansi Infection Linked

New World Monkeys  (APOLI absent n stucies o dote) to a Lack of Apolipoprotein L-I
=32-36mya R . - - - a1 - .
Old World Moﬂkeys Benaoit Vanhollebeke, Eng., Philippe Truc, Ph.D., Philippe Poelvoorde, M. S«
| s21-25mye | (APOLLpresant in babons, mangeheys, and mandrills; preduogene in macaques) Annette Pays, M.Sc., Prashant P_ joshi, M.D., Ravindra Katti, M.D
Origin of APOL1 —— Orangutan (APOL1 pseudogene) Jean G. Jannin, M.D,, and Etienne Pays, Ph.D
212:15mva Gorilla (APOL1 present)

»5-8mya

Chimpanzee (APOLI lost
sl — P { ) SUMMARY

Human  {APOL1 present) Humans have innate immunity against Trypenesoma brucei brucei thar is known to in-

volve apolipoprotein L-1 (APOL1). Recently, 2 case of T. evansi infection in 2 human was
identified in India. We imvestigated whether the APOL1 pathway was involved m this
occurrence. The serum of the infecred patient was found to have no trypanolytic activ-
ity, and the finding was linked to the lack of APOL1, which was due to frameshift
mutations in both APOLI alleles. Trypanolytic activity was restored by the addition of
recombinant APOLL. The lack of APOL1 explained the patient’s infection with T ansi.

The APOL1 gene exists only in humans and some primates;
humans null for APOL1 have normal kidneys ++

Friedman DJ. Semin Nephrol. 2017;37(6):508-13; Vanhollebeke B, et al. N Engl J Med. 2006;355(26):2752-6



APOL1 risk variants are gain-of-function

1.5

g * RV

> -

£

E 0.5-

5 = GO
0.0 * EV

2 4 6 8 10 12 14 16 18 20 22 24
Duration of exposure to Tetracycline (Hr)

Overexpression of APOL1 RV (but not GO) are toxic in cells and mimics FSGS in mice

Olabisi OA, et al. Proc Natl Acad Sci U S A. 2016;113(4):830-7; Beckerman P, et al. Nat Med. 2017;23(4):429-8



Why do only some people with the APOL1 high-risk genotype
get disease?

‘(“ Second
Iv\,‘ n." AR

(LA T _U’" ‘Lxmlﬂb'n hit?
APOL1 high-risk genotype

[mnumqm;m

APOL1 kidney disease

Beckerman P, et al. Nat Med. 2017;23(4):429-8



Why do only some people with the APOL1 high-risk genotype
get disease?

l
il + oo

hhwf““‘\"l‘ | | M “’Ml"" AL A
| (0 URL SO ERLLEE L TR R PEL ROV 1

e L T

APOL1 high-risk genotype HIV B
Covid-19 APOL1 kidney disease
lupus
interferon

Both the high-risk genotype and elevated APOL1 expression are likely needed to cause kidney disease

Beckerman P, et al. Nat Med. 2017;23(4):429-8



Interferon turns on APOL1 expression and causes kidney injury

Albuminuria after pCpG-Muy treatment

1500004 s CIRL

Interferon l s

ug Alb/ mg Cre

250 v

APOL1

G0O/GO mouse

McCarthy GM, et al. Dis Model Mech. 2021;14(8):dmm048952



AKI and Collapsing Glomerulopathy Associated with
COVID-19 and APOL1 HIGH-RISK Genotype

METHODS OUTCOMES
. . Collapsing . “Cytokine storm”
6 black patients with COVID-19, I I h APOL1 variants G omokines
AKI, and proteinuria glomerulopathy .
’ > P U e * Immunoglobulins
L AR 2, VR * Fcreceptors
o « MHCII
w w 4/6 - G1/G1 No direct infection
o — Y T T i;g - g%;g% ‘ * No virions by EM
- * Neg SARS-CoV2 ISH
Underwent kidney biopsy Key Lab Values

* Neg SARS NanoString

Serum Cr: 6.5 D =
(2.9 to 11.4) mg/dL D
UPCR: 11.5 )
(3.6 to 25.0) g/g

4
T
1/6 recovered  2/6 death 4/6 required dialysis

Genetic testing & CONCLUSION: sARS-CoV-2 infection can trigger collapsing glomerulopathy in
RNA eX||3re_SS|on patients with 2 APOL1 risk variants, causing AKI and nephrotic-range proteinuria in
analysis

patients of African ancestry with COVID-19.

33

Wu H, et al. JAm Soc Nephrol. 2020;31:1688-1695.
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JAK inhibitor blocks COVID-19 cytokine-induced
JAK/STAT/APOL1 signaling in glomerular cells and
podocytopathy in human kidney organoids

Sarah E. Nystrom, ... , David B. Thomas, Opeyemi A. Olabisi

JCI Insight. 2022.7(11)2157432, hittps:/doi.org/10.1172cl insight 157432
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Cytokines storm induces Apoll expression
in GEC and Podocytes
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...And activates the JAK-STAT pathway
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COVID-19-induced cytokines are sufficient to drive APOL1
expression in human iPSC kidney micro-organoids, which is blocked
by inhibition of the JAK/STAT/APOL1 axis (Baricitinib)

A G1G2 iPSCs Kidney Micro-organoid

+/- Cytokines
+/- Baricitinib

APOL1 Immunofluorescence

Control

IFNy

IFNy+baricitinib

All Cytokines

All Cytokines+baricitnib




Cytokine-induced APOL1 expression correlates with significantly decreased

viability and cellular metabolism in organoid-derived podocytes (G1G2)

A Kidney Micro-organoid Isolate Glomerulus Culture Podocyte from Glom
) 96 hrs

+I- Cytokines _  peasure Viability
+/- Baricitinib

Control

IFNy+baricitinib




Conclusion:
JAK/STAT pathway inhibition as a new target for Apoll assocaited kidney disease




Current theories of the mechanisms of APOL1-induced cytotoxicity
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JE' The Journal of Clinical Investigation

APOL1-mediated monovalent cation transport contributes to
APOL1-mediated podocytopathy in kidney disease

Somenath Datta, ... , Christopher B. Newgard, Opeyemi A. Olabisi

J GAn dovest, 20241 34(5)@172262. hps Aol org/ 10,11 T20C1 72262
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Electron micrograph of APOL1 G1 transgenic mice.

IFNy + VX-147

FNy-treated mice (B) have focal podocyte foot
process effacement (white arrow), microvillous
transformation (black arrow), and cytoplasmic
shedding (white arrowhead).

Treatment with VX- 147 (C) rescued the cellular
phenotypes.




Proposed mechanism of APOL1 RRVs-induced cytotoxicity
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Hypothesized effects of
APOL]1 risk variants

« Aberrant ion flux and
osmolysis

» APOL1 protein misfolding
and ER stress

» Compromised
mitochondrial function

« Altered actin cytoskeleton

« Inflammation (through
inflammasome activation)

b J

Effect on kidney cells (e.g., podocytes,

glomerular

endothelium)

PODOCYT
Formation of pores )

Accumulation
in membranes

Basement
membrane

Endothelial
cell

CAPILLARY

/—

S Z

J

W
Podocyte effacement and detachment

Glomerular injury, dysﬁmc‘tion, and aberrant filtration

é Risk of ;1cphmpathy

Variety of histologic and clinical presentations
(e.g., focal segmental glomerulosclerosis,
membranous nephropathy, hypertensive kidney disease)

R4
Endosotl}ne i 'T)
Q =

Aberrant ion flux
and osmolysis

Environmental stressors
Inflammatory or high IFN states
Viral infections (e.g., HIV)
Ischemia-reperfusion injury (e.g, sickle cell disease)
Kidney allograft rejection

~ Autoimmune diseases (e.g., lupus nephritis)
\

Known or potential drivers
of progressive disease

4 Risk of chronic kidney disease
Accelerated time to end-stage kidney disease

Williams WW, Ingelfinger), NEJM, 388;11 nejm.org March 16, 2023




Therapeutic considerations

Challenges:

* Exact mechanism unclear
* Normal function unknown
* Cell type not certain

Advantages:

* Gain-of-function

* Not essential for kidney function
* Genetically-validated

* Modulate activity at many levels




Potential Therapies for
Apoll associated Kidney Diseases
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Inaxaplin for Proteinuric Kidney Disease in Persons
with Two APOL1 Variants

O, Egbuna, B, Zimmerman, G, Manos, A, Fortier, M.C. Chirieac, LA, Dakin, D.J. Friedman, K. Bramham
K. Campbell, B. Knebelmann, L Barisoni, R). Falk, D.S. Gipson, M.5. Lipkowitz, A, Ojo, M.E. Bunnage, M.R. Pollak,

D. Altshuler, and G M. Chertow, for the VX19-147-101 Study Group*

EDITORIALS

SCIENCE BEHIND THE STUDY
EDITORIALS

Inhibiting APOL1 to Treat Kidney Disease

Winfred W. Williamss, M.D,, and Julie R. ingeifinger, M.D

A Step Forward for Precision Equity in Kidney Disease

NEJM, 388;11 nejm.org March 16, 2023

Nell it Powe. MD

NEJM, 388;11 nejm.org March 16, 2023



In vitro, VX-147 inhibits ApoL1 mediated Thallium flux
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VX-147 decreases INF induced Proteinuria
in Apoll G2 homozygotes mice
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VX-147 PHASE 2 PROOF OF CONCEPT STUDY OVERVIEW

28-day
Cohort 1
Nephrotic 45 mg once daily safety
follow-up
N=16 4 N 28-day
° -
Sub-nephrotic 45 mg once daily foTl?)f:%p
b ¢ | R 4
Day 1 Day 15 Week 13

* Primary Objective: Evaluate ability of VX-147 to reduce proteinuria in
patients with APOL1-mediated FSGS

* Primary endpoint: % change from baseline in UPCR (proteinuria) at
week 13

* Secondary endpoint: Safety and tolerability; plasma pharmacokinetics

Inclusion criteria

Adults 218 years to <65 years with 2 APOL1 genetic variants and
biopsy-confirmed FSGS

eGFR 227 ml/min/1.73 m?

Nephrotic range proteinuria: baseline UPCR 22.7 to <10 g/g
Sub-nephrotic range proteinuria: baseline UPCR 2 0.7 to <2.7 g/g
Allowed to be on a stable regimen of standard of care medication

©2022 Vertex Pharmaceuticals Incorporated




Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.®

Participants with Participants with
Nephrotic-Range Subnephrotic-Range
Total Proteinuria Proteinuria
Characteristic (N =16) (N=3) (N=13)
Age — yr 38.8+14.5 45.0£10.5 37.3£15.2
Sex— no. (%)
Male 7 (44) 1(33) 6 (46)
Female 9 (56) 2 (67) 7 (54)
APOLI genotype — no. (%)
G1/Gl 9 (56) 3 (100) 6 (46)
G2/G2 1(6) 0 1(8)
Gl/G2 6(38) 0 6 (46)
Body-mass index 29.646.4 32.7:6.4 28.9+6.4
Urinary protein-to-creatinine ratio 2.08+0.90 3.47:1.07 1.77+0.49
Estimated GFR — ml/min/1.73 m* 51.2+14.0 51.4:222 51.2+12.8
Standard-care medication
ACE inhibitor
=28 days before day 1 — no. (%) 2 (50) 1(33) 7 (54)
On day 1 — no./total no. (%) 8/8 (100) 1/1 (100) 7/7 (100)
Angiotensin-receptor blocker
=28 days before day 1 — no. (%) 7 (44) 3 (100) 4 (31)
On day 1 — no./ total no. (%) 6/7 (86) 2/3 (67)% 4/4 (100)
Immunosuppressants§
=28 days before day 1 — no. (%) 4 (25) 1(33) 3(23)
On day 1 — no./ total no. (%) 4/4 (100) 1/1 (100) 3/3 (100)




Figure 2. Efficacy Outcomes: Data for 13 evaluable participants
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Table 2. Mean Percent Change from the Baseline Urinary Protein-to-Creatinine Ratio at Week 13.*
Participants with Participants with
Nephrotic-Range Submphotx-amgo
Total Proteinuria
Variable (N~13) (N=3) (N= IO)
Mean urinary protesn-to.Creatinine
ratio
At baseline 2.2110.95 3.47£1.07 1.84:0.52
At wk 13 1.2720.73 1831058 1.10:0.71
Geometric percent change from -47.6 -477 -475
baseline at wik 13 {95% C1) (-60.0to ~11.3) {-70.1 to -8 5) (-63 410 -24.6)

* Plus—mitis vilues are means +50. Baseline and week 13 ssessments of the urinary protein-te-creatinine ratio for each of
the participants were calcelated as the mean of three first-morning void measurements obtained within a 7-<dsy window.
The afficacy analysis set included all the participants who completed inaxaplin treatment and had at least 30% adher-
ence 10 treatment. Cl denotes confidence interval.

Egbuna O et al, n engl j med 388;11 nejm.org March 16, 2023



GMPC from baseline with GSE
in UPCR (%)

Visit

Number of 9 8 9 9 9 9 9 8 9 9
Participants

Part B : 9 participants
¢ Mean UPCR increased from -47.6% to —-30.1% at week 4
¢ and remained stable untill wk 12



Very good safety profile in phase 2

Table 3. Adverse Events.*
Total
Event (N=16)
Any adverse eventy 15 (94)
Adverse events according to severity
Mild 7 (44)
Moderate 8 (50)
Severe 0
Life-threatening 0
Serious adverse eventi: 1 (6)
Adverse event leading to treatment discon- 0
tinuation
Adverse event occurring in =2 participants
Headache 4 (25)
Back pain 3 (19)
Nausea 3 (19)
Decrease in blood bicarbonate level 2 (12)
Diarrhea 2(12)
Dizziness 2 (12)
Dyspepsia 2 (12)
Fatigue 2 (12)
e ——————

Egbuna O et al, n engl j med 388;11 nejm.org March 16, 2023



APOL1-MEDIATED KIDNEY DISEASE IS A GENETICALLY DEFINED CONDITION

APOL1-mediated kidney disease includes different clinical/histological presentations with the same genetic cause

APOL1-MEDIATED

>100,000 # : KIDNEY DISEASE
patients

* Broader population
* Includes APOL1-
mediated FSGS
* Moderate to heavy
proteinuria
* Clinically diagnosed
APOL1-MEDIATED * Two APOL1 mutations

FSGS

* Narrower population
* Heavy proteinuria
* Biopsy-diagnosed
* Two APOL1 mutations




Design of the Phase 2/3 AMPLITUDE Adaptive Clinical Trial

WEEK 12
I

IXP dose #1 (n = 22)
IXP selected dose
Phase 2 (n = 22 continue on dose, n = 22 switch dose)
N =66 IXP dose #2 (n = 22)
Placebo (n = 22) ‘

? | END OF
Dose selection
______ ek 12 0per)  WEEK 48 TREATMENT PERIOD

| I |

v

Phase 3 IXP selected dose (n = 200) —"

(efficacy, safety, SFUV

pharmacokinetics) 28 + 7 days
N =400 —>

Placebo (n = 200)
‘ ‘

INTERIM ANALYSIS FINAL ANALYSIS
* Percent change in UPCR * 22 years of eGFR data
* eGFR slope e ~187 composite clinical outcomes

©2023 Vertex Pharmaceuticals Incorporated



Clinical Trial Design

Figure 5. Eligibility Criteria

* 18 to 65 years of age for phase 2; 12 to 65 years of age for phase 3

* Two APOL1 variants (G1/G1, G2/G2, or G1/G2)

* Proteinuric kidney disease (e.g., primary/idiopathic FSGS; hypertensive kidney
disease), as deemed by the investigator
- UPCR 20.7 to <10 g/g
- eGFR 225 to <75 mL/min/1.73 m?

* Stable doses of SOC medications (e.g., RAS inhibitors, SGLT2 inhibitors, steroids,
tacrolimus, cyclosporine, and mycophenolate)

* Diabetes * Lupus nephritis
* Human immunodeficiency virus * Solid organ or bone marrow transplant
* Sickle cell disease * Uncontrolled hypertension

.

APOL 1: Apolipoprotein L 1; eGFR: estimated giomerular filtration rate; FSGS: focal segmental glomerulosclerosls;

RAS: renin-anglotensin system; SOC: standard-of-care; SGLT2: sodlum-glucose cotransporter 2;
UPCR: urine proteln to creatinine ratlo

©2023 Vertex Pharmaceuticals Incorporated



Primary

* Percent change in UPCR from baseline at Week 48 (assessed at the IA)

* eGFR slope (with 248 weeks of eGFR data assessed at the IA and at least 2 years
of eGFR data assessed at the final analysis)

VX21-147-301 study

Secondary

* Time to composite clinical outcome of:
* Sustained* decline of 230% in eGFR from baseline
* Onset of ESKD:

e  Maintenance dialysis for 228 days

ENDPOINTS

¢ Kidney transplantation
e Sustained* eGFR of <15 ml/min/1.73m?2
* Death

» Safety and tolerability based on AEs, clinical laboratory values (i.e., hematology,
serum chemistry, coagulation studies, urinalysis), standard 12-lead ECGs, and vital
signs

* Plasma PK parameters of VX-147

* "Sustained" is defined as confirmation by a second measurement after 228 days

UPCR: Urinary Protein-to-Creatinine Ratio; eGFR: estimated glomerular filtration rate; AE: Adverse Event; ECG: Electrocardiogram

©2022 Vertex Phar




A

VERTEX

Vertex Advances Inaxaplin (VX-147) into Phase 3 Portion of Adaptive Phase 2/3 Clinical Trial for the
Treatment of APOL1-Mediated Kidney Disease

April 1, 2024
—45 mg once daily oral dose selected for Phase 32— (IDMC)
- Results support trial expansion to lower age group and study will now include adoiescents ages 10-17 years -

— If positive, pre-pianned interim analysis at Week 48 may serve as the basis for accelerated approval in the U.S. —

& The FDA has granted inaxaplin Rare Pediatric Disease Designation (RPD)
and Breakthrough Therapy Designation (BTD)

for APOL1-mediated focal segmental glomerulosclerosis (FSGS).

& The EMA has also granted inaxaplin Priority Medicines (PRIME)
and Orphan Drug designations for AMKD



Potential Therapies for Apoll associated KD
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Molecular Therapy .,M.c,m'r
Origirsl Artick =

Antisense oligonucleotides ameliorate

kidney dysfunction in podocyte-specific

APOL1 risk variant mice

Ya-Wen Yaeg, ' Bibek Poudel,'” Julla Frederick,’ Poonam Dhillon,' Rajesh Shrestha,' Ziywan Ma,' Junnan We,'
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Figure 2. APOL1 ASO1 improves kidney function parameters in NEFTA/
G2APOL1 transgenic mice
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1134 | Abstructs

Abstract citation ID: gfae069.695
#1003 i = =& ERA 2024
Safety, tolerability, pharmacokinetics, and

pharmacodynamics of multiple ascending doses of
AZD2373, an antisense oligonucleotide targeting APOL1

Peter ), Greasley', Nikhil Agrawal?, Magnus Althage?, Jose Sanchaz®, Surah Kirk®, Erlend Johannessen Egeland®, Magnus Astrand®
Helena Westergren’, James Sherwood®, Michael Mccarthy, Uptal Patel” and lain Macphee

-Phase 1, randomized, single-blind, placebo-controlled study (NCT05351047) in
healthy male volunteers of West African ancestry

-18 participants w/ 1 or 2 copies of G1/G2

-Low, medium and high dose cohorts with 8 participants

- 6 weekly SC injections of AZD2373 (n = 6) or placebo (n = 2)
followed up for 9-weeks post-last dose.

#lacebo ! Low dase Middie doso High doso
Y, { q;.T--t ‘.\} I3
[ ‘ I +- 8 |
| Al e f" "}~' —
Plasma 3 3
s
Apoll 2
A
<
bredt (P EEN et NN
d 2 & & @ 10 1. O 2 & 0 ® 230 12 0 2 & € 8 10 17 5 7 4 6 & 10 12
Week

{ cegresers tmeponis of AZDZIVI weekdy njsctans.

Figure: Geomerrle mean {805 CI) percentage change from Bogeline in prasma APOLT concentration (ig/ml) vessus time by dege group

- No major safety and tolerability concerns



Potential Therapies for Apoll associated KD
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RECRUITING ©

Janus Kinase-STAT Inhibition to Reduce APOL1 Associated Kidney Disease (JUSTICE)

ClinicalTrials.gov ID @ NCT05237388

Sponsor @ Duke University

Information provided by @ Duke University (Responsible Party)
Last Update Posted @ 2024-03.21

Inclusion Criteria:

*Adults 18-70 years

*High Risk APOL1 genotype (i.e., G1G1, G2G2, or G1G2)

*FSGS diagnosed by kidney biopsy or clinically diagnosed HTN-CKD
*UACR =300 mg/dL

Estimated glomerular filtration rate (eGFR) =26 ml/min/1.73 m2 at
screening

Stable antihypertensive regimen for = T month prior to enrolment

PEP: Percent change in albuminuria (UACR)
SEP:
Percent change in eGFR (for 6 months]
Percent change in urine CXCL 9-11
Number of adverse events as measured by patient report
Number of adverse events (hemoglobin less than 9.5g/dL)



Genetic Testing for APOL1

?
Who should be tested: Advantages of APOL1 genotyping

* APOL1 testing may help a
clinician understand the
etiology of a patient’s kidney
disease

* FSGS/SRNS

* ESKD of unknown etiology in
patients <50 years + proteinuria

* “Hypertensive “ CKD * Institute preventive measures

* HIV/COVID-associated for the progression of kidney
nephropathy? disease

* Lupus nephritis with collapsing * Predict kidney function, course
nephropathy/CKD? of treatment, and disease

* Sickle cell disease with progression
proteinuria/CKD? * May be informative in patients

with a familial history of CKD

* Identify patients for enrollment
in clinical trials

1. KDIGO Glomerular Diseases Clinical Practice Guideline 2021.; 2. Knoers N, et al. Nephrol Dial Transplant. 2022;37:239-254; 3. Friedman DJ and Pollak MR. Clin J Am Soc
Nephrol. 2021;16:294-303; 4. Young BA, et al. Semin Nephrol. 2017;37:552-557; 5. Freedman B, et al. J Am Soc Nephrol. 2021;32:1765-1778.



Genetic Testing for APOL1

?
Who should be tested: Advantages of APOL1 genotyping

* APOL1 testing may help a
clinician understand the
etiology of a patient’s kidney
disease

* FSGS/SRNS

* ESKD of unknown etiology in
patients <50 years + proteinuria

* “Hypertensive “ CKD * Institute preventive measures

* HIV/COVID-associated for the progression of kidney
nephropathy? disease

* Lupus nephritis with collapsing * Predict kidney function, course
nephropathy/CKD? of treatment, and disease

* Sickle cell disease with progression
proteinuria/CKD? * May be informative in patients

with a familial history of CKD

* Identify patients for enrollment
in clinical trials

1. KDIGO Glomerular Diseases Clinical Practice Guideline 2021. ; 2. Knoers N, et al. Nephrol Dial Transplant. 2022;37:239-254; 3. Friedman DJ and Pollak MR. Clin J Am Soc Nephrol. 2021;16:294-303; 4. Young
BA, et al. Semin Nephrol. 2017;37:552-557; 5. Freedman BI, et al. J Am Soc Nephrol. 2021;32:1765-1778.
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